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57 ABSTRACT 
An improved X-ray image converter is disclosed which 
utilizes a phosphor layer of plate-like rare earth oxyha 
lide phosphor crystals having said phosphor crystals 
physically aligned to improve light emission from the 
phosphor layer. More particularly, said phosphor layer 
is formed with the plate-like crystals being aligned gen 
erally parallel to the longitudinal axis of said phosphor 
layer at both surface regions while the intermediate 
phosphor crystals are aligned generally perpendicular 
to said longitudinal axis. Said improvement can be pro 
vided during formation of phosphor layer from a liquid 
suspension by introducing particular velocity gradients 
in the flow pattern of said liquid suspension. 

7 Claims, 6 Drawing Figures 

DOCTOR BLADE 

SNUSO DAL PARTICLE 

ONGTUDINA AXIS 

BLADE VIBRATION 

MOVING MYLAR BASE 
  

  



U.S. Patent Sep. 10, 1985 Sheet 1 of 2 4,540,599 

Af. / CROSSOVER LIGHT 
(PRIOR ART) 

N N 

N % % N 
FLEXBLE 
BACKING 

PHOSPHOR LAYER REFLECTOR LAYER 

Afg.2 
(PRIOR ART) 

VELOCITY GRADENT 
1. UNDER DOCTOR BLADE 

8O Af. 3. 
(PRIOR ART) 

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

    

  

  



U.S. Patent Sep. 10, 1985 Sheet 2 of 2 4,540,599 

Af.4 

VELOCITY 
GRADENTS 

W275%:SS SIGZ. S. - no a 
MYLAR BASE 

12 8a. 

DOCTOR BLADE 
BLADE W BRATION Af.6 
12 

SNUSODAL PARTICLE 
ALG NMENT 2. 

o 3 
21 MOVING MYAR BASE 

LONGITUDINAL AXIS 

  

    

  

  

  

  



4,540,599 
1. 

X-RAY MAGE CONVERTER DEVICES 
UTILIZING RARE EARTH OXYHALIDE 

PHOSPHORS 

This is a division of application Ser. No. 483,342, filed 
Apr. 8, 1983, now U.S. Pat. No. 4,498,008. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

In my pending application Ser. No. 483,335, filed 
Apr. 8, 1983, and now abandoned which is assigned to 
the assignee of the present invention, there is disclosed 
modified rare earth oxyhalide phosphors activated with 
terbium and/or thulium ion exhibiting improved optical 
resolution for the light image produced therefrom in 
x-ray image converter devices by reason of the particle 
size and shape of the phosphor crystals. A preparation 
method is also therein disclosed where the selected 
oxyhalide phosphor is recrystallized as a means to pro 
duce phosphor crystals having a more polyhedral 
shape. In still another copending application Ser. No. 
483,343, filed Apr. 8, 1983, which is also assigned to the 
present assignee and filed in my name, there is disclosed 
novel reflector means for x-ray image converter devices 
utilizing rare earth oxyhalide phosphors activated with 
terbium and/or thulium to still further improve the 
brightness of the light image produced by said phosphor 
medium. Said improved reflector means utilizes smaller 
particle size crystals of an inorganic crystalline solid 
exhibiting high reflectance in the 300-400 nanometers 
spectral region to reflect incident UV radiation back 
through the phosphor layer of an x-ray image converter 
device for impingement upon the recording or readout 
means in said device. The present improvement can 
utilize either or both of said prior improvements to 
realize still further sharpness and speed of the light 
image being produced along with still other perfor 
mance advantages. 

BACKGROUND OF THE INVENTION 

The phosphor layers used in x-ray image converter 
devices are generally deposited from a liquid suspension 
at carefully controlled thicknesses to govern the quality 
of the light images produced therefrom. A conventional 
method to deposit such phosphor layers in an x-ray 
screen construction employs a doctor blade producing a 
physical alignment of the plate-like rare earth oxyhalide 
phosphor particles generally parallel to the longitudinal 
axis of said phosphor layer. Typical 8 micron average 
median diameter size lanthanum oxybromide particles 
(APD), as measured by conventional Coulter Counter 
instrument, have dimensions of about 3X12X 12 mi 
crons. In the normal doctor blade operation, the afore 
mentioned flat and parallel alignment of these phosphor 
particles is attributable to a velocity gradient produced 
by said doctor blade during streamline flow of the liquid 
phosphor suspension while being deposited. Since the 
phosphor particle thickness in the direction of an associ 
ated photographic film is thereupon only about 3 mi 
crons, any light photon generated in said phosphor 
layer can have as many as 50 scattering events before 
reaching the associated photographic film in a typical 
150 micron thick phosphor layer screen device. Such 
light scattering produces loss of sharpness in the re 
corded light image which is understandably not desir 
able. Moreover, because the phosphor particle size in 
said phosphor layer, is about 12 microns in the opposite 
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2 
direction along the longitudinal axis of said phosphor 
layer, there occurs a spreading of the light image result 
ing in still further loss of clarity for the recorded image. 
Reduction of these problems in x-ray image converter 
devices utilizing these phosphor materials would not 
only improve image sharpness and speed but further 
reduce quantum noise in the recorded image by in 
creased utilization of emitted light from the phosphor 
layer. 

It would be desirable, therefore, to improve the phys 
ical alignment of these phosphor particles in the phos 
phor layer of an x-ray image converter device and to do 
so in a manner not requiring elaborate modification of 
the method now being used to produce these phosphor 
layers. It would be further desirable to provide such 
improvement in a manner which affords still other per 
formance advantages to said modified phosphor layers. 

SUMMARY OF THE INVENTION 

An improved x-ray image converter is herein pro 
vided which includes a phosphor layer of plate-like 
phosphor crystals having the structural formula: 

wherein 
Ln is one or more of La and Gd, 
X is one or more of Cl and Br, and 
T is an activator ion selected from Tb and Tm, in 

cluding mixtures thereof, 
said phosphor layer being formed with the plate-like 
crystals being aligned generally parallel to the longitu 
dinal axis of said phosphor layer at both surface regions 
while the intermediate phosphor crystals are aligned 
generally perpendicular to said longitudinal axis. Such 
physical orientation for the intermediate phosphor par 
ticles in the present phosphor layer not only reduces 
internal light scattering events but further provides a 
desirable "light piping' effect improving transmission 
of both visible and UV emission to the associated re 
cording or readout means of said modified x-ray image 
converter device. The desired physical orientation of 
said intermediate phosphor particles is provided when 
the phosphor is deposited from a liquid suspension on a 
suitable physical support in the x-ray image converter 
device by introducing a velocity gradient in the flow 
pattern of said liquid suspension while being deposited 
in a direction perpendicular to the longitudinal axis of 
said deposition direction. Such a modification in form 
ing said phosphor layer utilizes a first velocity gradient 
in a direction corresponding to the longitudinal axis of 
said phosphor layer deposition while a second velocity 
gradient in a direction generally perpendicular to said 
longitudinal axis is also being applied. The specific steps 
employed in carrying out the present overall modified 
preparation method comprise: 

(a) forming a liquid suspension containing said phos 
phor crystals and a binder, 

(b) depositing said liquid suspension on a physical 
support with a first velocity gradient in the flow 
direction corresponding to the longitudinal axis of 
said phosphor layer and a second velocity gradient 
in the flow direction generally perpendicular to 
said longitudinal axis, and 

(c) removing liquid from said deposited liquid suspen 
sion to form a solid phosphor layer adhesively 
bonded to said physical support. 



4,540,599 
3 

In a preferred embodiment, said modified deposition 
method produces streamline flow of said liquid suspen 
sion on said physical support with a doctor blade having 
spaced apart openings at the edge contacting said sus 
pension which establishes a first velocity gradient in the 
flow stream between said blade edge and physical Sup 
port while the second velocity gradient occurs selec 
tively in the flow stream which enters said blade open 
ings. Employment of a stationary doctor blade produces 
further nonuniform alignment of the intermediate phos 
phor crystals in said phosphor layer with such nonuni 
formity occurring in a horizontal plane transverse to the 
longitudinal axis of the deposited layer. Since this non 
uniformity can produce some distortion of the light 
image, the doctor blade is desirably vibrated in said 
transverse direction while the phosphor layer is being 
deposited. If the linear speed of phosphor deposition on 
a moving physical support is made approximately equal 
to the linear speed of doctor blade vibration, then a 
sinusoidal wave pattern is created in the deposited phos 
phor layer which effectively cancels any light image 
distortion caused in this manner. 

Preferred rare earth oxyhalide phosphor materials 
useful in the practice of the present invention comprise 
lanthanum and gadolinium oxybromide activated with 
terbium and/or thulium ion, including mixtures thereof. 
Said terbium activated phosphor utilizes terbium ion at 
a concentration the range from about 0.0001 to about 
0.10 mole per mole of the selected oxybromide material. 
Correspondingly, the thulium activated phosphor mate 
rial utilizes thulium ion in the range from about 0.0001 
to about 0.10 mole per mole of the selected oxybromide 
material. Especially preferred phosphor materials still 
further include plus 3 valence replacement metal ions in 
the phosphor matrix, as further more particularly dis 
closed in the aforementioned copending Ser. No. 
483,335 application, to obtain improved brightness of 
the light image attributable to the particle size and more 
polyhedral shape of said phosphor particles. Accord 
ingly, from a small but effective amount up to approxi 
mately 0.2 mole per mole of phosphor of said replace 
ment metal ions is desirably employed to produce an 
average median particle size of the modified phosphor 
in the range extending from approximately 3.0 microns 
diameter up to approximately 9.0 microns diameter 
along with a more narrow particle size distribution. 

In preferred x-ray image converter devices according 
to the present invention the phosphor layer is positioned 
adjacent a reflector layer which reflects incident UV 
radiation back through said phosphor layer, as more 
particularly described in the remaining aforementioned 
copending application Ser. No. 483,343. Said reflector 
means comprises smaller particle size crystals of an 
inorganic crystalline solid exhibiting high reflectance in 
the 300-400 nanometer spectral region, said reflector 
crystals desirably having a particle size between about 
0.2 micron up to about 0.8 micron along with exhibiting 
a refractive index of at least 2.0. Utilization of said im 
proved reflector means in combination with the above 
identified especially preferred phosphors promotes op 
timum sharpness of the light image emitted from the 
phosphor layer by cooperative action of all said in 
provements. The physical configuration of a preferred 
multi-layer x-ray screen construction exhibiting opti 
mum improvement thereby comprises: 

(a) a photographic film having emulsion layers dis 
posed on each major surface and separated by an 
optically transparent support, 
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4. 
(b) a pair of phosphor layers being positioned one on 
each side of said photographic film to form a sand 
wich configuration, said phosphor layers each hav 
ing plate-like crystals of a phosphor with the struc 
tural formula: 

LIOX:T 

wherein 
Ln is one or more of La and Gd, 
X is one or more of Cl and Br, and 
T is an activator ion selected from Tb and Tm, 

including mixtures thereof, 
said phosphor layers each being formed with the 
plate-like crystals being aligned generally parallel 
to the longitudinal axis of said phosphor layers at 
both surface regions while the intermediate phos 
phor crystals are aligned generally perpendicular 
to said longitudinal axis, and 

(c) a pair of reflector layers positioned one on each 
side of said phosphor layers furthest removed from 
said photographic film, said reflector layers com 
prising smaller particle size crystals of an inorganic 
crystalline solid exhibiting high reflectance in the 
300-400 nanometer spectral region. 

Understandably, it would be further desirable to pro 
vide the aforementioned sinusoidal wave patterns in 
both deposited phosphor layers as a means to cancel out 
any light image distortion caused by nonuniform depo 
sition of the intermediate phosphor particles which 
might otherwise occur. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of a prior art multi-layer 
x-ray screen illustrating conventional alignment of rare 
earth oxyhalide phosphor particles in the phosphor 
layers along with a customary light crossover problem 
encountered therewith; 
FIG. 2 is a more detailed cross-sectional view depict 

ing a light path through an individual phosphor layer of 
the FIG. 1 screen embodiment; 

FIG. 3 is a cross-sectional view depicting conven 
tional preparation of the FIGS. 1-2 phosphor layer 
embodiments; 
FIG. 4 is a cross-section depicting formation of an 

improved phosphor layer according to present inven 
tion; 

FIG. 5 depicts flow of the liquid phosphor suspension 
in accordance with the present invention after passage 
beneath the modified doctor blade embodiment shown 
in FIG. 4; and 
FIG. 6 depicts vibration of said modified doctor 

blade in accordance with the present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Referring to FIGS. 1-2, a prior art multi-layer. x-ray 
screen is depicted in cross-section having a double 
emulsion photographic film 9 with an optically trans 
parent polyester base 10 preferably incorporating a dye 
system to absorb the ultraviolet and light emission 
which ordinarily crosses over from one of the silver 
halide emulsion layers to the other, 11a to 11b, and 
vice-versa. Such emission crossover causes widening of 
images and blurring due to lack of alignment or registry 
between the images formed on the particular emulsion 
layer being exposed and the more remote emulsion 
layer receiving the crossover image. This is illustrated 
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by the crossover rays passing from emulsion layer 11a 
to 11b in the depicted FIG. 1 embodiment. As will be 
appreciated, there is an enlarged image on the emulsion 
layer 11b which will be read as a blurring effect after 
the film has been developed. Said prior art X-ray screen 
further includes flexible backing 5 which supports a pair 
of reflecting layers 6 positioned adjacent the exterior 
most major surfaces of a pair of conventional phosphor 
layers 7. Further transparent layers 8 are utilized in said 
illustrated x-ray screen to resist mechanical abrasion of 
the photographic film and/or phosphor layers during 
physical movement therebetween when exposed film is 
removed for development and a new film inserted for 
additional use of said screen. The light transmission 
produced with conventional plate-like rare earth oxyha 
lide phosphor crystals in said phosphor layers is illus 
trated in FIG. 2. Accordingly, said plate-like shaped 
rare earth oxyhalide phosphor particles 12 are generally 
stacked in a parallel direction with respect to the longi 
tudinal axis of the associated photographic film. Such 
physical alignment of the individual phosphor particles 
leads to light scattering with accompanying loss in 
sharpness of the light image produced when x-rays 
excite said phosphor layer 7. A random light path 13 
occurs through said phosphor layer with certain light 
rays 14 not being transmitted to the associated film 11a 
as desirably takes place with the light rays 15. It can be 
further noted in said embodiment, that transparent layer 
8 provides a suitable physical support upon which to 
form the phosphor layer. 
There is shown in FIG. 3 the operation of a conven 

tional doctor blade coating apparatus customarily em 
ployed to form the prior art phosphor layers described 
in the preceding embodiments. More particularly, 
means are provided in said apparatus (not shown) to 
move a suitable physical support on which the liquid 
phosphor suspension is deposited, such as mylar base 8a, 
below the edge of a stationary doctor blade 16 during 
deposition of said liquid phosphor suspension. The re 
sulting thickness 17 for said phosphor layer is controlled 
in this manner along with producing a physical align 
ment of the phosphor particles 12 in a direction parallel 
to the longitudinal axis of said phosphor layer. A veloc 
ity gradient 18 caused by streamline flow of the liquid 
phosphor suspension while being deposited causes said 
physical alignment after passage of the liquid beneath 
said doctor blade member. 

Referring to FIGS. 4-6, there is illustrated a modified 
doctor blade coating apparatus providing the means to 
align the phosphor particles in accordance with the 
present invention. Specifically, a stationary doctor 
blade member 16a is provided having spaced apart teeth 
elements 19-21 disposed on the edge 22 contacting the 
liquid phosphor suspension when being disposited on 
moving mylar base 8a. Such movement of the phosphor 
suspension past said spaced apart openings creates a 
flow velocity gradient 23 in the openings which physi 
cally align part of said phosphor particles 12 in a direc 
tion generally perpendicular to the longitudinal axis of 
the deposited phosphor layer. As can be further noted, 
the remaining phosphor particles retain a physical ori 
entation parallel to said longitudinal axis in response to 
the aforementioned flow velocity gradient experienced 
when said liquid phosphor suspension passes beneath 
the contacting edge of said doctor blade member not 
having any openings. The presently modified deposition 
method thereby subjects the liquid phosphor suspension 
while being deposited to a first velocity gradient in the 
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6 
direction corresponding to the longitudinal axis of said 
phosphor layer together with a second velocity gradi 
ent occurring in the direction generally perpendicular 
to said longitudinal axis. There is further shown in FIG. 
5 a cross section of said modified phosphor layer 7a 
after its passage beneath the presently modified doctor 
blade member and sufficient time has elapsed for flow 
back or settling of the top surface region 17a which 
produces the final alignment of phosphor particles in 
said phosphor layer. Flow back or settling occurs at 
surface regions 19a, 20a, and 21a which lie in approxi 
mate physical registry with the correspondingly num 
bered opening of the modified doctor blade member 
and produce parallel alignment of the phosphor parti 
cles in said regions with respect to the longitudinal axis 
of the phosphor layer. Accordingly, a parallel align 
ment of the phosphor particles in both surface regions 
of the deposited phosphor layer results with the inter 
mediate phosphor crystals being aligned generally per 
pendicular to the longitudinal axis when liquid is re 
moved from the deposited phosphor suspension to form 
a solid coating bonded to its physical support. 

In FIG. 6 there is shown a still further improvement 
in the phosphor layer 7a to remove optical distortion in 
the light image which can be formed in the FIGS. 4-5 
embodiments with a stationary doctor blade. More par 
ticularly, it can be noted by inspection of the FIG. 5 
horizontal phosphor layer embodiment that some nonu 
niformity exists in the surface particle alignment from 
unequal flow between the regions contacted by open 
ings in the doctor blade. Such nonuniformity is reduced 
in accordance with the presently described embodiment 
by vibrating said blade member 16a in a direction trans 
verse to the longitudinal axis of the deposited liquid 
phosphor suspension. This vibration produces a sinusoi 
dal wave pattern of liquid deposition 24 which effec 
tively cancels such nonuniform phosphor particle align 
ment. 

It will be apparent from the foregoing description 
that improved x-ray image converter devices have been 
provided utilizing rare earth oxyhalide phosphors along 
with a novel method for preparing phosphor layers in 
said devices. It should be appreciated from said forego 
ing description, however, that still other phosphors of 
this type other than above specifically disclosed can be 
employed with comparable results. Additionally, other 
x-ray image converter devices than specifically dis 
closed but utilizing the same type phosphor materials 
can also be modified in accordance with the present 
teachings. It is intended to limit the present invention, 
therefore, only by the scope of the foregoing claims. 
What I claim is new and desire to secure by Letters 

Patent of the United States is: 
1. A process for the preparation of a layer of rare 

earth oxyhalide phosphor crystals having a plate-like 
shape for use in an x-ray image converter device con 
prising the steps of: 

(a) forming a liquid suspension containing said phos 
phor crystals and a binder, said phosphor crystals 
having the structural formula: 

wherein 
Ln is one or more of La and Gid, 
X is one or more of Cl and Br, and 
T is an activator ion selected from Tb and Tm, 

including mixtures thereof, 
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(b) depositing said liquid suspension on a physical 
support with a first velocity gradient in the flow 
direction corresponding to the longitudinal axis of 
said phosphor layer and a second velocity gradient 
in the flow direction generally perpendicular to 
said longitudinal axis, and 

(c) removing liquid from said deposited liquid suspen 
sion to form a solid phosphor coating adhesively 
bonded to said physical support. 

2. A process as in claim 1 wherein said liquid suspen 
sion is deposited on said physical support in a manner 
producing streamline flow of said suspension on said 
physical support. 

3. A process as in claim 1 wherein said liquid suspen 
sion is deposited on said physical support with a doctor 
blade having spaced apart openings at the edge contact 
ing said suspension. 

4. A process as in claim 3 wherein said doctor blade 
is vibrated in a direction transverse to the longitudinal 
axis of said deposited liquid suspension. 

5. A process for the preparation of an x-ray image 
converter exhibiting improved brightness using rare 
earth oxyhalide phosphor crystals having a plate-like 
shape comprising the steps of: 

(a) forming a liquid suspension containing said phos 
phor crystals and a binder, said phosphor crystals 
having the structural formula: 
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LnOX:T. 

wherein 
Ln is one or more of La and Gid, 
X is one or more of Cl and Br, and 
T is an activator ion selected from Tb and Tn, 

including mixtures thereof, 
(b) depositing a layer of said liquid suspension on a 

physical support with a first velocity gradient in 
the flow direction corresponding to the longitudi 
nal axis of said phosphor layer and a second veloc 
ity gradient in the flow direction generally perpen 
dicular to said longitudinal axis, 

(c) removing liquid from said deposited liquid suspen 
sion to form a solid phosphor coating adhesively 
bonded to said physical support, and 

(d) depositing a reflector layer upon said phosphor 
coating, said reflector layer comprising smaller 
particle size crystals of an inorganic crystalline 
solid exhibiting high reflectance in the 300-400 
nanometer spectral region. 

6. A process as in claim 5 wherein said reflector crys 
tals have a particle size between about 0.2 micron up to 
about 0.8 micron. 

7. A process as in claim 5 wherein said reflector crys 
tals have a refractive index of at least 2.0. 

: : s 


